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Abstract of JP1 11 99387 

PROBLEM TO BE SOLVED: To provide a 
method for producing a high-quality silicon single 
crystal having no growth defect in the whole 
region of wafer and slight variation of precipitated 
amount of oxygen by pulling up the crystal while 
controlling a pulling up speed being a variable 
having both commonality and generality and to 
obtain the silicon single crystal produced by the 
method. 

SOLUTION: In a method for growing a silicon 
single crystal by a czochralski method, a crystal 
pulling up speed is controlled to grow the crystal 
while controlling the speed between a transition 
pulling up speed Pc at which a transition from a 
zone in which an atomic vacancy is excessive but 
no growth defect exists to a zone in which an 
interstitial silicon atom is excessive but no its 
aggregate exists occurs and a transition pulling 
up speed Pi at which a transition from a zone in 
which an interstitial silicon atom is excessive but 
no its aggregate exists to a zone in which the 
aggregate of the interstitial silicon atom exists 
occurs. The silicon single crystal is obtained by 
the method. A silicon single crystal wafer is 
obtained from the silicon single crystal. 
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jj^eft^iHs/ v n >^awr ft*#*©^^ft 

tfaa (pi .max) £©mr. ea?i*±tfaat*ww^ 
^isa*wflrr * c <t ««« t r zmmm 2 cciett 

<OZs \) n >#*S BOSSES. 

&;*;^®f£3l£±tfiIK (Pc.max) <!:ftfe/hSlMW£ 30 
m$±tfM&. (Pc.min) £<DM©f*.minOC*f-rSSfr&* 

filCmi ni <£>^(DGmi nOt^T *S*^% 20%«T <b T 4 C t 
[91*316 3 m*3B2ttl^OIII*3B5<DC^tl**l* 

cciatEo^ y >*«a©»s#ffi«:*jcir . f5fspc<t 40 

Pi*j<fcO'Pc.max«hPc.min^60'tCPi .max2r, ^aMfft 9 
iMSSO? I #±tf * K 3 1 # ±tf aK4i»»l> 3 *ft ** 

mil. cncc»«wa*wiffl*ffft^'t:, mm<oxm 

<Dft15&£ti>Z>1>\ 'pWr+ x )T<D5 4y*J2*<OW& 

o ftje-r sci *«* tf^va >nitsii<D«j£& 
a 0 50 
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^ffitcd: o r»J£3 ti/c v y ^ >i«Sa. 



yn: 



tnwwf y 3 ^ian^wo. aaiftiR^JL 

ft 6 6cf)&»{b#!ffl*lfc U fcPSK: JfcfiS 5 *i £ bBSW 

«*b<d«£ ft &«i&KK oft y 3 

">X— -n. 

[»w©»mftBie8] 

[0 00 1 ] 

# ~> y ^ x-'^H**. 

[0 00 2 ] 

& (czft) {ciotsisnti^. czfiin e 
^ #rt ri42o°c«±(DiS®r $ nfc-> y ^ >SJ 

jR{c^y3>*ISft©«B»*«**** 
«S»*H(ES-ttft*s6lft^«:«ttft*3l*±frf*c4 

s 0 HRccw«r**s*oiaa* s **<ft*K^- 

^H^bTSBBCCttaShiHffc**!* 5 ** < ft*fctf> 

fiS200mjn ©*Sft©3l*±CfaK». -»«Ctt0.40-l. 
5 rran/minr^)€> 0 CCD J: 5 KUrtttStlS^y 

teS/p 6 fPS 5 ti 4 ^ ^ - > iooo°CKi±© ift S^Kf b 
«aa*Sfi"T •>x-^Ccy>^tt«:osF <ti*tfns» 
fbil|s«MXPfi («T. y>^0SF <hBgldT4) ^rSc 

[0003] ttRawc^itritfasriBfis 
n/cvy 3>*ttft«5Ji-^^«, y >^osf ^^x- 

js«w*«c^brwra«ft«B«:flSfi-r*. 

Cn^S^RSit^o ffiSSHW (#P3^F4-192345^) 

/c 0 cn^rFPO (Flow Pattern Defect ) <fcflfA,-Cl> 
4 0 M©^«C<t**HI*«IM#Stl. COP (Cr 

ystal Originated Particle ) % LSTD( Laser Scatterin 
q Tomograph Defect) tmitl&XX*>a»U1tifi* * 
ifi(DW5Sr ttCht ft 4 C i hfrt 
fto/c Q rft*>%. IBl^7W*»*UWEAlB(tOSiPI 



(3) 

3 

(Void, &&C>&£Neqative crystal iWitlS C t 4> & 
[0 004] c©JiES5«a<0^:*3«^&ftfe«)-co.2 

Mint?* "3. ^-fX©JIHW#/hS<, f^^- 

[0005] c<omi L &?LMm<Df&&w&*&&2&te 

[0006] c©J:5ttttR©*^ 5l*±tfa**/h 
^mihm^^MtLx&motc (mm^meo^, P . 76 

6, 1991*P) . S/c, B/3««* y>^0SF*S»ftT* 

«?i-/N<Drtfflj-cM^bBWffi^fi*«aci**. *<d*hih 30 

»X*»»*, #7 @fe B eI?V>^^^A. p . 27, 

1990^) o co^**o»ior, ®iS?lt±W*S 

r. 7 * > • T^r> (W.V.Amnon ) >^0SF # 

<§S**WCiRi8T S ? I # ±tf ilKFc ri t (mm/mi n) U . 

^fi«r^ifij(DfeaffliJ*^>as«JiBG (°c/mm ) ccitfli 

U Pcrit/G = 0.13 mm 2 / °C • min C <t £ 

*RftjCC3jctf>£^l,/c 7-257991, */c»3ouma 

1 of Crystal Growth vol.151, p. 273-277, 1995 ) . 40 

^«©«a<tas«p/c r^sic^ia (v. v. 

Voronkov: Journal of Crystal Growth, vol. 59, p. 6 
25, 1982) *|||W9K^L/fc*l9!lOf±*t?**. 

[0007] y > ^osf ©fl-Wh *£i>«y> 
^osf oiRiwHaL/fc^x-^ (cnwy >^qsf 

(BiJ^ffl^)A^o/c^x-^<h|^G^:CDr\ KTF* y> 
^osf ©?H9J<b|g|»T-5) &CB\ M-?-ffi7UBH©fiES^ 
BriSFPottt, **S4»tt^<»tt 
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* o r y - * cc tsa u fc*fi***£-r zzt tm hfrt 

C©^*ttflBRi^*>y^^ r (CCm La 
rqe Etch Pit<hB*0\ LEP ^B&ieT€> : «^BBSKtt^ 

[0 00 8 ] CtfXfc^C'JV^OSF ©$PM£^£ OT, 
± < 3n*CiOTB6*ifto 
/Co ?mXte. J^0fc<fc5CC'J>^QSF <Z>rtfl(J(DfiSfi 
XPS^#> * FPD »JE^?l<D«* L fc^iPTT* S C <h & 
rnhfrtft^^Ztt* -€-<D?rflPlK:(g*fiCCffSE-rSLE 

>^v*->j£ (FZj*) ^4d^^$S B a a ^Rg(DW5BS*i<D 

[0 00 9] COASfcafcCCjzO, FPD <hL£P 

[0010] — FPD <b LEP *j<fc^y > 
^OSF X--^><DnItttt**«"rS^"-^ 
#£^3ft/c (M . Hourai et al . : Progress in Semi 
conductor Fabli cation, SEMICON/Europe, 1993 Techni 
cal Conference, Geneva, March/April, 1993 ) . ^<D 

> ^/osf M^i lep (<Ett^- y'&£ XJZ:V>>7^*% 

Ttttoft. y>^0SF ©JHWCCFPD *>LEP 

free <£ o r s 6 cc*©«w«fcfcr * ^> c t u 

/Co 

[0 0 11] ^<Df£. ^*^ccJ:or, ^3^^;vx^ 
aa^pfi <y>fosF ) *j-5x-^**wr?««ufcis 

X dr - aW9»S h-C t * * CitWHitiVVa >#*S 

aVS.~^Wmi2tlt£ (^¥8-330316^) . $6 
(C, C(DJ:^^:^x-^^«, ^l^±Cf^JS^:P (mm/mi 
n ) iU i^U 3>©Bt^^l300 # C*"C©?l*±tfWl 

^coa^secD^fa^G cc/mm ) i-r^it^, 

P/G (Dfil^O. 20—0. 22mm 2 / °C • min ItCUM't t^C 
[0012] -€-C04 3 'C. P/G #0.22 mm 2 / °C • min ttz 
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7 &tc. tpttmvmmVl*. Pcrit/G = 0.15 

mm 2 / -C • min ( B**SftJ3E**£K. Vol. 24, N 

0.4.P22.1997) o COji'XrC. Pcht/G ©ffiB, Jfe^« 

[0013] S*^CDSlgb/c^x-/^^"C#S^ 
[0014] «±©rtSB, Bt^ffiTLitt^n^ y 3 > 

[0015] czS-cttBSS^^^ffifflS^*^*. K 

m<Dmm&&t& 0 s*»65o °c<t5oo •cfB6r**>fli 

TWrttMSR*fWS©*«^* < t>t>^© 
Ci, SBRWfflSfflKB* |S»*teR»3i&*ftaiMMl 

[0016] *g B B a^*CCffM$n/c^*TffiS^, * 30 

B<h&& 0 ^cD^^p-fe^Tiii200 o c<bc^^fi^S 
ISfiffcSft* iooo-io5o°Ciftor*5 0, ISSSBB^k: 

^shfcii^a*w«»s*i*citt<. ^©££ 

[0017] 5 < 
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>^osf ©^JBte^BhV U 3>JS-T-<D»**T*4le 

fifcrc*s. ssfc. «;>^osf 

5HJW©LEP ««<b<DH«:StSXBFPiXDl?aEU&c^«« 

[0018] SJfcWOlBW-Ct*, WWOMtfl'i-- 

©fitr «ft < l£££*WSW5' 5 * U- > 3 >CCJ: & 4>© 

<btttt6ttt>. ±aU^^CC, iJ>*0SF ***** 
BPeciDMI-r * Pcrit/G <Dtt**VM CC J: o ^ « 5 ffitcft * 

A4C»ttifilE©5/5*U-t/a>V7 h FE 
M*G tP*«tl€>V^ h : F. Dupret et al ; Journal of 
Heat Transfer, vol. 33, p. 1849, 1990 ) 

[0019] lysot, P/G ©ffiBHK14*5<fctf*Si 

ttt«>fc*t:«liiiT*SHKiLrj»wr«ttt^ -« 
«c. g ©«t*BfiRSfi*ccWBPr-SS»-CBtt< > Sit 

[0020] mmtji^Kf&ommt^cDmup/c 

^ ft&^UMKWCBSKa:^. ^B©« 

ircBft^*.^ ^^B©«*(*t?*SREfi^ra©jB 
fijE*«ec s p/g ©»fi*-^ a saiftr fetter /c 

dp/g •ca^-rsii^ciSruaE-rsciBfrto^t: 

SH-C^'So ft-tf«C6«. G©ffi^ BWHiUot 



\ 



[0 02 1 ] C©J:5ft«ilWW4i. *«KMW>» 

[0022]-*. iilfc-fc^K, ^3M¥B >J>^OS 
F ^^gp<b-e©^Jffl|©LEP p.Ji£©p B lta&gXP§FFO © 
^LftC^lg#*S£(,>5$fflli. J &lfeM3«-C > : 

t,>ftt>. 

[0023] jftjpafcj&^©®££a*. c©^xpsm^ 
sic) BBn^ajLiia^jMWKttsifliai 

3*x. tS^>";3>MT-?<egf* 3 iS*lK4€><!:ffl> 
2x0i+y Si + zV« xS1Q 1 + ( y-z-x) I 

c c -e. oi tttMHBiBMiHF-. sibs/ «; 3 >ts^ 

V B0^7L. I BtS^-H f 'J 3 L/ . 

x, y, z BSgift. 

[0024]c©ci fccettwcc;*© <* "5 KWSrr* 
i. -&©{*m^2.25fSK)8*5g-rS. CtiKAotSS 

[0025] iBIS*fUl**e»r*1i«i«l«l3ti4«* 
itB. K*WWfi©«6-3#{CM*i*DSDj«6tt^* 

<,>2P©M#£DS£^«l<*tt£. fA^X7-o-bX©S 
S^gftSC i»SfciSWfcl»C toy— ItH 

[0026] ##HBB. ±ie©ct 5fcBI»£K:*#&3 
rfp6gS£flTtH*©«6o#©4>fti,\ i^n a dS©^ 'J 3 > 
iiap £^$t<to-c, ^Jft^ffi®^©*^.**^ 




,) »W¥ 1 1 - 1 9 9 3 8 7 

8 

"T^ I # ±tf »K©«Hrt -T3 I * ±lf MS *M» boo 
©?>£«: <fc-?T§Si§3*i£i"J3 >#tifi*s <£ C>'-> <) 3 
[0027] 

->';3>iM J j 1 ®^lt:-*'SA^CDSm*©?fl9EL'ft<' 1 ^ 
10 -CtSfl* 1MW 5Ci £#®t£ T «; 3 >4M6jKDS 

[002 8] C©ct-5 4C. i/yn^JSa^WfiS-rSIS 
CC. ^Pb1~>'J 3>H J fjai"lt? $>s*^(Da*(*©#a 

>3M£ii©£«K:*$t,»-cts^-ish> ^>m^Am<cs 

£^*-f. ^^©^^-C^^BSS^PS* 5 ^^'^ 
ffli>") 3 >M-?-©^*(*. ft *=> tfic^&ft^SSrM L/ fc 

hkc 3 nzmtmimmxM <om t ft s isa^re * 
20 ^Wbft^v; a>#*Sft*Wfif *ci**-c*4. 

[0029] S fc. *^W©I»^2 iCiaigO/c^HJ 
B. ^a i>7;l/X+-aic<fco-C 5"j 3>#^ B % ; SrWlS 

#-e ©<asitt©if¥£E b ft 1- »«j£^©a»a*i@ c & a^? 1 

MaPci , *S^-IH-> 'J 3 >M-7-j§*J-C*>'5>* 1; 5-© 

30 n,©$3j&:fri£''e&6. 

[0030] IS*® 1 ©=fc V';3>fMS4W^ 
-T5ISKC. tS^-P B 1~> 'J 3 VIR^-jMd-C*****©*^* 
©#?5L/ftl^ll^©*-C*SBl ; &W)S'r6KB. ^Utt* 

ia]©iaa^ie*©ffe©H^*t | i®'^6«* : "5 tc t^^-J^ 

i»3jt^2©«fc i 5K:ig B ^l*±ifjiS ; &Wffl'^6^<! : 

Ci^tH*-5L/, ^J|*»ft'>5au-i/3>fg#f^4>!^ 
gftC\ 

40 [0 03 1] C©iS^» »*«3{CEI8LfcJ:5«:. M 

^fljtsw-c* 5*jfiRsxRi©ft e>*s^ra^ 'J 

3 > «-7ii«lT? 4> #-£©8H!t*©ft l »««^a»J^ 

tc*t)t.rs«^?i^±^s©+-cakt/h3t< i S^i* 

±tfaia (Pc.roin) i. ftflB^^^^jWTftS 
A^cD^f*©1?ffi 0 ft << hft^Ffo is ') 3 >MT 

(Dmmww&te-r s^^©s^*cc>pfjs-r sji^? 1 # 

±tf3ia©*'C*fc^:#t- 1 jS^I^±^3ia (Pi .max) 
50 -r&J:-5K:-r&!&g#*>6.. 



« 
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[0 03 2 ] mn. JR^-ffi?La*J"C*4*««Efi^»«>ft 
^Ci^<, C0>J:5tt»^«:W, ±iaPc.min<b, P 

waa (pc .max) <t*fc/hsi»a^i#±tfi*8[ < pc - m 

in) t©*OPC.nrinCCj«-4«^*0^7%<t-r4<fc 

[0 0 34] 5 te. a»**ijsa(Da^lK: J: o 
T^tT£»£fctt* ifBPc.maxfe^^Pc.min©^, 

[0 0 3 5 ] -eu-c, *awcc*jc^r, wttWcptiw 

J: tJfPc .maxi Pc .mi ntt 6 tflC Pi .maxOffifci , MI3tg 6 

n/c#*SS^*3. ttfitfi,Cv*li«:aD^SR!ES»*|nItc 
£^4fc&fcx?*>y«a*(lSU ctiKBBIWflB* 
yr<D^-f?#-f Acoffl^^tfi^ 

[0 03 6] C©cfc5tt#S6fC<fch«, JSUW£l/-C£© 
J:^&^rt0Bja*jS©5l#±tf«^*sc^Tt>. PciPifc 
itfPc.maxiPc.mintt^tfCCPi .max£, (8#^jES6K: 

[0 037] Lfc*5o-C. *:^Hj©^ii4(CJ:-j-C. fcf- 
< & C tf . C©-> 'J 3 >**Sfi*>6»»6tl 
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[ 0 0 3 8 ] «T. *«W«:-3*!gK:»|B(cttWr*. 

<fc 0W««B«WW>»Mitt & we y > f 
osf M©j^j£*'*©£5K:0Tifc«>S. -fft*^. 
*£H,3 I # ±if t»«c$M&ftS *fc 0 ©5 1 S-htf 3IS©^t 
ST (nm/min/cn ) *-ffiKOr?l#±lf 

7,t(HF) iiSIS (HNOj ) *>£>&S?S^§?&KtS*S 

A\ 4>siHi. ^^-Tyr©^?*-* Ai£«c<fc£ad 
3£*tfo». l#ft[*3©^"( 7 a P"<£C<L«: 

[0039] ±a©*ftKtel,^«, #fcfi3*fc0© 

20 ?i#±ifas©^bs*— Sccor5l^±if iiS*Sr^ 
6*<J:tr>. 

[0040] C 5 L.-C*Js5fc^Fg^0©-^l ; 5:0 2 tC 
SVT. «J«At3:sEfiXI«FPD©JKRS3ti4««r*4. 

o-C«6Sr-#S. M^B«y>^0SF 

30 -c*-s. w*ci*iaa^«©FPD &LEP#«*3nfct> 
^„ M^D4>ix£RX;Pi©FPD t. lep ^tassnfti»«^ 
<m$xh*> (^mM<Dmmff a mmm) . ««e»lep** 

[0 04 1] Xi(-*^7t©3>^^ h©?Sli<t 
t'J7©7-f7$-f ^©^/h^SfS^'Ctt^f S 

40 ciKcfco-c. BBWrH«<0**»*Jt*W«i. Atc^ 
M(C. M^C ««A. ME, ««B. SWDiFi 
fiaiUfcJ;^^:. tsflavynvs^jawceft 

nfc^«D i e t f tfte^-rav 'J 3 >m+w&%\te&M 
50 tttazzsic-rz. 
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[0 042] .XK, V r3>#^<DS3^f£ 

ft£ 0 T&to^, ^3 ^^^*-ffi«:<fco'CWRSSti 

[0 044] CM, ^|#±CfiIS-C#^i, B2CC*J 

[ 0 0 4 5 ] "TSi, ^9l©D«W<0*©Bfaift*t* 
5/ y a iff ^ V 3 ^WSft 1 ? 

s/y 3>«w«i*3WfaET4«i«^oa»?itp±tf 
saw <k ©ra-eS"Ji» u ft** <E>WE£-r * <t c ^ yrmc j: 40 

[0046] CCDcfc 5 tt»ff*»OT^fi««*^tTtt* 
BOTJit/C, £©«fc5ft3IS±tf*Sl. JFrtflBite 

iiS*»J8P Lt JSSSEfi«:tf ft o "C, *»SiMt©S/ y 
n>#ttS*5j:tf^y ^^USfi'Jxw^SSCi^ 

*»9i©ii*«c^ori*sflft»«*fflc^ii«»ie^L 



[0 047] fc/dU 02<D<fc ^CCft&CDfcj:. #*rt«S 
T£feOCD5*>. Rft*«ffl«*fl*Lfc<Da*EI4 (a) 

(b) (c) cii6tt3«i<Daft*^rtffai 

[0048] Cft6©*Frt^fi^<DtH*tA^*** 

(Gs) ilS**'WDtt (Gc) CD^AG <MS»**©ii<S: 

[0 04 9] -rfttofe, 04 (a) tt, ISfiilffiOJ&fi 
*#1>»^"C, 7? = 0.357 "C*S B 04 (b) *§iH 

fetof^ti^r. 17=0.091 -c^^c 
04 (c) iBg^ffi©fi£fi«;^»K«JE#tefi* 
4>©«Eft#*fiiaW[^)E<fc 0 fc/hSC>*^C, r? = - 0. 

362 t?*4. 

[0 0 5 0 ] cn^i, 04(a) tt 

tfjtftttftt^. 04 (b) tCmb/cit^, Tft^%. 77 
3&«jE-C/h©»&«CBI 2 (DHStfHfi *C jfi < ft S . 04 

(c) (D»^cctt. (a) ^nwc. 

[0 05 1 ] CCDcfc 9«c. JH«7-ffi?ljM!l , T?*** J SEfi^ 
RKDft^a^^tS^IH^ «J3>»»J^^^ 

K©4i-C*fe/hSl^a»9l*±WaK (Pc.min) <h, » 

»5l#±tfa* (Pi .max) i©HrWBLft**6lSB 
[ 0 0 5 2 ] * It . 04 ( b ) ICmLtcmiCttMmiB: 

A £ 3 1 * ± aft#?¥ffiT £ /c » cc » , * j&CCft 
ilS (Pc.max) i«fc/MC*a»5l*±tfaK (P^-mi 

[005 3] itc. *»*a*rt©*««:tofco-c. « 
iaDo^ccAssitriwaa^sffi^**^** ***** 
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J^«Ctoi*/J^CWni©»(OQirinCC#r*«^*20 

war t r * c t tM&mv $>&ct u it. 

AP= Pc.min - Pi .maxt r? i©W#*W^fclS*t* 

[ 0 0 5 5 ] *Ot, tHUSS*. ISS^SKlto/co 
i.maxO>iait?lW»Ooo?|*±lfntf, 1 *©¥S H a B 8 

[0 05 6 ] CUt»6h4, *»i/'j3>#S 

[0 0 5 7 ] C*lKiII*/C, JRT-«TL<D»*»r*SFP 
t||fiaijHaWi«0**ft*a:t»fc«>«:, FjUXO 

[0 0 5 8 ] <h c^ra?, SJiifiWoKJRWHJft** 
^RSfpd (cop ^ffiid-rs^t?**- I,* 

[005 9 ] W^3tl/c$Sa B B *CD@S 
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> > y ^ y v % *) > ^S^C WSRBW Wii^Ohft 
U»U x-^fNHxa-ctt. ISAteiP* 

a -fe x * CCd2*feM*«f ffiS*«S"i" 5Cimi/c 

10 u**>. 650 w*ara^*»^*BKc. *». 

[0 060] ##MH<DS/ «; n>**SS©H®^ffi^«. 
c Pi, Pc. max, Pc.min, Pi .max, Pi ,min#<!:*3R2£>*i 

AP = Pc.min - Pi .maxCDA'Nt <£ 

OC. AP = Pc.min - Pi .maxi v = (Gs-Gc) /min 
{Gs, Gc} 6 > AP «r^*<-TS/c«>CC», 

Gc**tr»tt(fc*** < -r*^*^3 < -r*^***** 

[0 0 6 1 ] — «cc, Maw>fl»4 
JgP^rPciPi, Pc.miniPi.maxOraT, — 56 

#a>n7j|PifflaftOcp(D^<^^-^-P/G 36 

K^JISG ««SA)Sfi £ £ & 56-c* i*. /JvS < tt * 
5l*±tfafflCP 4>*SB B B^Si<t^^, — sccr* 

[0 06 2] 

JMHtWCKOT*^ 3BH!H:cn6tt:|B3E3ti* 
[0063] 



(9) 
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ttfi9l*±tf«ll3 0tt fc ?|*±tfS[3 1i h 9I*±W 
^3 l*«:RWe>n/cJl/^#3 2<b, Jl/*^#3 2©aH 
tcffig;*n/cfc:-£3 4<h, il/ty#3 2*HRS**^ 

•7#fia#tt3 3a^*©EHE«ai (as^-r) ±. f y 

™W»tt8** K«lH9©T»S»CRWr^4. CCD 
H?SI?ffiWrJ»l5t 8 tt, ?:<DTffit is 'J 3 >»?R2 <D»E 
3 i.©B«: 3 - 1 0 c m<D.mil. 1 0 *.SWTS9SBS nr 

c^o */c ?i£±tf^3 i <D*¥^nsumi«:tt, vy 

[0 06 5]±SBBB©<fc5tC*«*fli^ mM22J 

£ tfxgsfcfliK:. ^ y >*aLh^ccaw3 n 
[0 06 61 -eit, ->y 3>**8a©a*sa5©5fcSi 

<Dt£<DWiM<D\MMte200 rmt0tc o 

[0 06 7 ] mmomm&2ttK^tcm&x\ ?i#±tf 

2K*0.7 nm/mirt0>6. ^(4fiS*fc»3<0?l#±Cf jlS 
(D^itMr £0.005 mm/min/cm <t It, $£MC3l£i:tf 

8 i OIHR«r— SKff o J: 5 {CE3E^ ^ fc» L 

aKOMEttSWW-r 4A:«>K: % WliWte4 0 0 0 GCDtK 4C 

FEIWG CCcfcSe^JSWiO^/c^ilLh^S***! 6 !^ 

g< % 7j= (Gs-Gc) /min {Gs. Gc} <Dffl5*0.093 T 

[0068] t£a«J£& ISftflEBtti^tTCCittaffiB 

tr. ms 2 imi©ww%2 twos mo fc. c©h»4*. ? 

(HF) £flt& (HNQ, ) ^^tt&filMSlft^CCSM 
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>^<ommm a>*Bt*««Eofc. »*-«tf"^ 

Ht % 800 °C/ 4 h (Nj ) + 1000°C/ 16 h (Q,) 

[0 069] ^ffi(D««<kB^U«©W(SCc»j£T4 

w^fi^BFro <d««l ««Bw>;>yosF ■ 

Ml) . WWEJa^Wffl^T^CcSc 
[0070] 07 6Ctt, 7 -t 7 3? A(DafJ5Ete*feflfiB 

[0071] c©H7*6, «ac<fc««D©*ik -r 

lADttll^O 5 "6 , * ^> < * *tl^-r Pc . mi 
-5Pi.max*s**S. C<D^, Pi .maxG»£S4M>Sp-C<D 

tit?**, c^it^enfc^fWfiw, -en-en 

Pt.min = 0.504 rnn/min , Pi .max = 0.488 mm/min , Pc 
= 0.510 mm/min 

[0 07 2] ±EiHt>5l#±^«. 
0.504 mm/min t Pi .max = 0.488 mm/min CDPb1^$WL/ 

s^FS^p^/cchc^, ?i#±tfjSK* 5 WJiasn^:ea 

-cmmfx wfivm s nfc««D Kftowsct «ns 
•c*fc. co*sa^6^snfcstt*oBBR«Ta*ttH 

[0 07 3 ] ttte. *»WB, ±8SIHBB»CCR5E3 h 

) [0074] ±ES0»»wc*t»t:i*. as 8 



# 



(10) 
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isa8- 1 6 -f >^*si»i»nfeUb©^y =>>#fSA 

[0 07 5] *#«8tt. 9l#±fcra*OiWttl**-C 

9) * -T 5J»^*»B»T 5*>©?(J&^o 
[0 07 6] 

l«S*i*^^<0»«(*r*ilS«XB (fpo , cop t 

ohm tmmmmxm<Dm*±Mtc t>tc ots^ftc^ao 

cdjnxT . ^JftWttT-B!^ "J 3 >W<=f 7&mic & o r o> 6 

[SI] V>#OSF ««<bLEP (KffiJlz-^i*©^^ 

[02] 5l*±tfaK*— 5E<OKf«t?ilf^«3>S1i , r 



1 1 - 1 9 9 3 8 7 
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[03] H2CC^U/c«I^RI««©5%««Ci»«D 

[S4] 3WB©JPrt«ffl«Ji«:*ji^r. 5l*±tf»K 

®««D*jg^"r*?l*±tf»KJBfflAP = Pc.min - 
Pi .maxi 7/ <h<DH^^P^/c*S*^a-r0r'^>^ o 
[06] H««TflfcflaUfcCZffiCCj:4*IS«5l*±W 

[07] njfiw-cftenfcXK^^i ^>r^^-f a© 
[flH§<D|£9J] 

3- 



•SUSS. 



8 



3 1 -5I#±W*. 
34- 

3 5 -mmtt. 

3 6 -IE 




[H3] 



[H6] 



8.0 
^ 7.0 

9 

uj 6.0 
I 

| 5.0 

GL 

3 4.0 

ii 

•33 3 0 

* 1.0 

0.0 



&4fi3:800°C/4 h (N^ + 100O°C/16 h (Oz) 



rt - 



■ag^S&afr 



11 12 13 14 15 16 
*U«&3§S£ (ppma-JEIDA) 
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30 6 ^vjf 



3k \ Jr >k 



i 



o 





[05] 

AP 8 Pc.mln-Pi.fnax 




-0.3 -Q2 -0.1 0 O.I Q2 0.3 a4 



Gs - Gc 
■ 

min{ Gs.Gc} 



